Respiratory syncytial virus (RSV) infection has been implicated in the pathogenesis of bronchial asthma. In both diseases, interleukin (IL)-4 and IL-13 play important roles. By investigating IL4 and IL13 polymorphisms in 131 children with severe RSV infection and 270 control subjects, we found an association between IL13 polymorphism Ϫ1112C/T and severe RSV infection ( ). Furthermore, certain hap-P p .026 lotypes showed an even stronger association with severe RSV infection ( ). The results suggest that there is a com-P p .0008 mon genetic background in children with severe RSV infection and bronchial asthma. More studies are needed to clarify whether RSV infection provokes asthma or whether RSV infection occurs in children who are genetically predisposed to a pronounced T helper 2 immune response and subsequently develop bronchial asthma.
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Respiratory syncytial virus (RSV) causes upper and lower respiratory tract diseases in children. Approximately 60% of children are infected with RSV during the first year of life, and by the age of 2 years nearly all children have been infected at least once [1] . The hospitalization rate for severe RSV infection is ∼1-2 hospitalizations/100 children. The virus has 2 major immunogens that are primarily responsible for the formation of neutralizing antibodies: the fusion (F) protein and the attachment (G) protein.
In vitro experiments in mice and humans have demonstrated that the G protein initiates an immune response that is predominated by Th2 cells and includes the production of inter-leukin (IL)-4 and у1 of the following cytokines: IL-13, IL-5, IL-6, IL-9, and IL-10. In contrast, the immune response to the F protein is driven by Th1 cells and includes the production of interferon-g and tumor necrosis factor-b [2] . In most infections in which intracellular replication occurs, such as with RSV, it is well accepted that a dominant Th2 cytokine response is associated with disease progression, whereas a dominant Th1 cytokine response is associated with convalescence and protection [3] . Therefore, the interplay between these opposing immune responses might be important for recovery from severe RSV infection [4] .
It has been hypothesized that severe RSV infection in infancy might lead to the development of recurrent wheezing and/or bronchial asthma, and, consequently, a common genetic background for children with these diseases has been discussed [5, 6] . In children with persistent wheezing after having severe RSV infection, higher circulating levels of serum IgE and higher eosinophil counts were observed, compared with those in children with transient wheezing [7] . These observations further support the hypothesis that a Th2 cytokine response in the acute phase of RSV infection predisposes infected children to recurrent wheezing.
The balance of the Th1/Th2 response may depend on distinct disease patterns, such as mild versus severe RSV infection, and also on the genetic background of the infected child. Recently, 2 independent studies have shown associations between severe RSV infection and IL4 polymorphisms and/or haplotypes [8, 9] . In contrast, an association between the disease and IL13 polymorphisms has not yet been established. However, IL13 and IL4 have repeatedly been found to be associated with bronchial asthma (reviewed in [10] ).
We were interested in the relationship between the severity of RSV infection and IL4 and IL13 polymorphisms in a German population. We chose to study the IL-4 promoter polymorphism Ϫ589C/T (or Ϫ590C/T) and the IL13 promotor polymorphisms Ϫ1512A/C and Ϫ1112C/T and the amino acid variant 110ArgrGln. The selection of these 4 polymorphisms was based on findings in previous studies suggesting that these polymorphisms were the most important ones in IL4 and IL13 for associations with bronchial asthma and RSV infection [8, 9, 10] .
Subjects, materials, and methods. The study population was recruited at the University Children's Hospital, University of Freiburg, and St. Josefhospital, Freiburg, Germany. Children chain reaction (PCR). Case patients had symptoms of bronchiolitis-for example, wheezing and tachypnea-and required supplementary oxygen and/or gavage feeding and/or intravenous fluid. Children with congenital heart defects, immune deficiency, or chromosomal aberrations were excluded. Children with other concomitant diseases-for example, bacterial pneumonia-were also excluded. DNA was obtained from either blood samples or buccal samples collected by use of sterile cotton sticks. In total, 131 case patients were included in the study. Control subjects were 270 randomly chosen probands (19-40 years old) who originated from the same area (the southwestern part of Germany) as case patients. All individuals included in the study were white.
DNA was extracted from peripheral blood leukocytes or buccal samples in accordance with standard protocols and were column purified (DNA Midikit; Qiagen). PCR was performed in a volume of 10 mL that included 2 mmol/L dNTPs, 1mL of 10ϫ PCR buffer, 0.3 U of Taq, 5 pmol of each primer, and 5 ng of DNA. Genotyping was performed using restriction fragment-length polymorphism analysis. After PCR, the product was digested with the respective enzymes overnight, and the fragments were resolved on a 4% agarose gel.
The Ϫ589C/T polymorphism was genotyped using the primer pair 5 -TAAACTTGGGAGAACATGGT-3 and 5 -TGG-GGAAAGATAGAGTAATA-3 ; restriction was performed using 2 U of AvaII (NEB). The Ϫ1512A/C polymorphism was genotyped using the primer pair 5 -GATAAGGGGCGTTGACT-CAC-3 and 5 -GCTACTTGGCCGTGTGACCGC-3 ; restriction was performed using 1U of Bsh12361 (Fermentas). The Ϫ1112C/T polymorphism was genotyped using the primer pair 5 -CACAAGCACACCCTTGTGACG-3 and 5 -GCCTTTTCC-TGCTCTTCCCGC-3 ; restriction was performed with 1 U of BstUI (Fermentas). The 110ArgrGln polymorphism was genotyped using the primer pair 5 -TGGCGTTCTACTCACGT-GCT-3 and 5 -TTTCGAAGTTTCAGTGGAAC-3 ; restriction was performed using 1 U of NIaIV (NEB).
For each polymorphism, 3 control sequences (homozygous wild type, heterozygous, and homozygous mutation) were sequenced using the dideoxy chain termination method and the Big Dye Terminator cycle sequencing kit on an ABI 310 sequencer (Applied Biosystems). All of the following analyses include these control sequences.
An association analysis, based on the case-control design, was performed for each single-nucleotide polymorphism by use of Armitage's trend test. This test takes into account an individual's genotypes, rather than just the alleles, in accordance with the guidelines of Sasieni [11] The extent of the linkage disequilibrium between the polymorphisms-that is, the likelihood that the polymorphisms were transmitted together on a single allele or haplotype-was calculated using the Arlequin program [12] . Because all 4 polymorphisms were in tight linkage disequilibrium, no Bonferroni correction was performed in the association analysis.
In addition to the analyses based on single polymorphisms, we performed haplotype frequency estimations by use of the programs FASTEHPLUS [13] and FAMHAP [14] . One haplotype indicates which polymorphisms were transmitted together on a single chromosome. The study was approved by the Ethical Committee of the University of Freiburg. A statement of informed consent was signed by all participants or their parents.
Results. The 4 polymorphisms were genotyped in 131 children with severe RSV infection and 270 control subjects. The allelic frequencies and the HWE status of the polymorphisms in both groups are listed in table 1. All polymorphisms were in HWE. Thus, a population admixture was unlikely.
The P values for association with severe RSV infection are also listed in table 1. An association was observed between severe RSV infection and the IL13 Ϫ1112C/T polymorphism (P p .026). The Ϫ1112C/T polymorphism was markedly overrepresented in children with severe RSV infection. The other 3 polymorphisms were not associated with severe RSV infection.
All polymorphisms were in strong linkage disequilibrium, as calculated using Arlequin (data not shown). Thus, the polymorphisms were tightly linked, and the majority of them were transmitted together on a single allele.
The haplotypes occurring in the study population are listed in table 2. Because we investigated 4 polymorphisms, 16 haplotypes were theoretically possible. Of these 16 haplotypes, 13 were present in the study population. The most distinct difference in the haplotype distribution was found for the haplotype bearing the wild-type allele for all 4 polymorphisms (frequency, 0.637 vs. 0.543 in control subjects and case patients). The distribution of haplotypes was significantly different between the 2 groups, as calculated using 2 different statistical programs ( , FASTEHPLUS; , FAMHAP). P p .0008 P p 0.00110 Discussion. To date, only a few studies have investigated the genetic background of children with severe RSV infection. In the present study, we concentrated on the genetic heterogeneity in mediators of the Th2 immune response by investi- 
The polymorphisms are listed in the following order: rs2243250, rs1881457, rs1800925, and rs20541. The haplotypes listed are those with a frequency of at least 0.01 in either group. a 1, wild type; 2, mutation.
gating IL4 and IL13 polymorphisms. Both genes have been investigated extensively in the context of allergic diseases, particularly bronchial asthma. Two studies analyzed the effect that the IL-4 promoter polymorphism Ϫ589C/T had on severe RSV infection. Hobee et al. found overrepresentation of the T allele in children from 2 regions of The Netherlands who were hospitalized with severe RSV infection [9] . In addition, overrepresentation of the same allele was observed in a similar Korean population [8] .
Unlike in these studies, we did not find an association between the Ϫ589C/T polymorphism and severe RSV infection. In fact, the polymorphism was equally distributed in case patients and control subjects. Nevertheless, the IL4 polymorphism was implicated in a genetic predisposition to severe RSV infection in our study population. In a haplotype analysis that included only the 3 IL13 polymorphisms, the P values for the association with severe RSV infection were .009 (FASTEHPLUS) and .01183 (FAMHAP); when the IL4 polymorphism was included in the analysis, the P values were .0008 and .00110, respectively, which indicated that the association was increased by a factor of ∼10. Thus, the IL4 Ϫ589C/T polymorphism seems to be particularly important in the context of IL13 polymorphisms. This result further supports the necessity of performing haplotype analyses in addition to analyses of single polymorphisms in genetic studies of disease.
Furthermore, we found an association between the IL13 promoter polymorphism Ϫ1112C/T and severe RSV infection. The Ϫ1112C/T polymorphism has been shown to alter the expression of IL-13 and the binding of nuclear factors to the IL13 promoter [15] . The finding of such an association is in contrast to the results of a study of Korean children in which no association was found [8] . This difference in findings might reflect the differences in the genetic backgrounds of the Korean population and the white population from Germany examined in our study. It is well known that Asian populations differ significantly from European populations in the allelic frequencies of polymorphisms and also in the extent of linkage disequilibrium between polymorphisms [16] . Thus, the contrary results might not be surprising. Furthermore, an association could have been missed in the Korean study, because of the smaller size of the study population.
IL4 and IL13 are in proximity on chromosome 5q31. Thus, the effects of any single polymorphism in either gene are not easy to discern. In addition, all of the polymorphisms we studied were in linkage disequilibrium. Therefore, it is not yet possible to determine whether IL4 or IL13 is more important in the genetic predisposition to diseases. It is also difficult to differentiate the impact that polymorphisms in either gene have on disease, because IL-4 and IL-13 protein have very similar functions through their common usage of the IL-4 receptor a chain.
The results of the present study might support the hypothesis that severe RSV infection and bronchial asthma have some common genetic factors. This might not be surprising in the context of strong Th2 cytokines such as IL-13 and IL-4, because an imbalance in the Th1 and Th2 immune responses is crucial in the pathogenesis of bronchial asthma and severe RSV infection [17] . Thus, it is possible that severe RSV infection occurs in infants who are genetically predisposed to an exaggerated Th2 immune response and therefore are at an increased risk for the development of bronchial asthma later in life. Recent results in mouse models of bronchial asthma also suggest that there is an enhanced Th2 immune response that is independent of previous infection with RSV: RSV infection enhanced the development of allergic diseases only when the immune system had already been primed toward a Th2 immune response [16] .
In conclusion, we describe an association between severe RSV infection and polymorphisms in IL13, and certain haplotypes examined in our study showed an even stronger association with the disease. The results suggest that IL4/IL13 haplotypes are more important in the development of severe RSV infection than are polymorphisms in either gene alone. More genetic and epidemiological studies are needed to clarify whether infection with RSV provokes the development of bronchial asthma later in life or whether severe RSV infection occurs in children who are genetically predisposed to pronounced Th2 immune responses and, thus, to allergic diseases.
